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Background {#Sec2}
==========

Toxoplasmosis is a zoonotic disease caused by the obligate intracellular parasite *T. gondii*. Toxoplasmosis can cause severe neurologic, ocular, and systemic diseases in neonates and individuals with weakened immune system \[[@CR1]\]. *T. gondii* infections are widely prevalent in human beings and animals worldwide \[[@CR2], [@CR3]\]. In China, many investigations have been done to estimate the prevalence of *T. gondii* infection in swine \[[@CR4]\], poultry \[[@CR5]\] and in the shellfish and fish \[[@CR6]\]. It has been accepted that postnatal infections in humans are acquired by ingesting one of the two persistent stages of *T. gondii*, i.e. tissue cysts in meat or viscera of many animals and oocysts \[[@CR7]\]. It was estimated that *Toxoplasma* caused 8% of hospitalizations and 24% of deaths resulting from foodborne illnesses in the United States \[[@CR8]\]. So far no foodborne toxoplasmosis has been reported in China. But findings from recent studies indicate that *T. gondii* encysts in muscle more efficiently than in the brain \[[@CR2]\], making chicken, one of the main meat source in China, a potentially significant source of infection.

The result of serological surveys in China indicates a high prevalence of infection in chickens \[[@CR5], [@CR9]\]. In our laboratory, a total of 1 173 free range chicken serum samples from 13 provinces/municipalities were tested for *T. gondii* circulating antigens (TCA) and antibodies (TCAb), respectively. The results showed that 199 (16.97%) were positive for TCA, 226 (19.27%) were positive for TCAb, 69 (5.88%) were positive for both TCA and TCAb, and the total seropositive rate was found in 356 (30.35%) out of 1173 samples. Although it was lower than that of other reports \[[@CR10]--[@CR12]\], all of the detected provinces were found of positive samples of *T. gondii* \[[@CR13]\]. In brief, *T. gondii* in chickens is a large threat to poultry industry as well as chickens consumers.

The oocysts of *T. gondii* are produced by its final host, the domestic cat or wild felines \[[@CR2], [@CR14]\]. Cats can excrete millions of oocysts into soil after ingesting only one bradyzoite or one tissue cyst, and the sporulated oocysts of *T. gondii* can remain infective in soils for 18 months under various temperatures \[[@CR15]\]. So soil is a major source of infection of *T. gondii* for both animals and humans.

Until now, a few studies have been conducted worldwide to determine the status of soil contamination with *T. gondii* by molecular methods \[[@CR16], [@CR17]\]. And the results indicated that the soils from gardens \[[@CR18]\], pig farms \[[@CR19]\], public schools \[[@CR20]\] and public parks \[[@CR21]\] were all contaminated with *T. gondii* oocysts in a large numbers. However, there were no reports about the soil contamination of *T. gondii* oocysts in chicken farms in China. So in this study, soil contamination with *T. gondii* in different types of chicken farms in China were investigated using PCR method and the relationship between the status of soil contamination and the infection of *T. gondii* in chickens were evaluated using the established ELISA method.

Methods {#Sec3}
=======

The parasites {#Sec4}
-------------

*T. gondii* strain RH (type I) used in the present study is virulent strain for mice. The strain RH of human origin was stored in liquid nitrogen in the Laboratory of Veterinary Molecular and Immunological Parasitology, Nanjing Agricultural University, P.R. China. Initially, the strain was maintained by intraperitoneal passage (twice weekly) in mice. Tachyzoites were then obtained from peritoneal washings in mice inoculated. The tachyzoites were washed by centrifugation using phosphate buffered saline (PBS) and were finally resuspended in PBS.

Establishment of the ELISA method {#Sec5}
---------------------------------

### Serum samples {#Sec6}

A total of 50 broiler chickens (*Gallus domesticus*) were obtained from a commercial farm in Nanjing City of Jiangsu Province, P. R. China. Twenty chickens at 14 days old were infected intraperitoneally with tachyzoites (10^7^) of RH strain of *T. gondii* and the sera were obtained from hearts at 7, 14, 21, 28, 45, 60, 75, 90, 130 days post-infection(DPI). The negative sera were obtained from the other 30 blank chickens at 14 days old. According to Yanming Sun' report, the standard sGRA8 positive serum was generated \[[@CR22]\]. Finally, the serum was collected and stored at −20 °C until use \[[@CR22]\].

The serum against 7 *Eimeria* coccidian strains (*Eimeria.tenella, Eimeria.maxima, Eimeria.mitis, Eimeria.acervulina, Eimeria.praecox, Eimeria.necatrix, Eimeria.brunetti*) were stored in our laboratory. Serum against newcastle disease virus (NDV) and infectious bursal disease virus (IBDV) were graciously provided by professor Li yin and Wang yongshan, institute of Veterinary Research, Jiangsu Academy of Agricultural Sciences, PR China. The *Escherichia coli* infected chicken serum was gifted from professor Wang chuanqing, Henan Agricultural University, PR China.

### sGRA8-ELISA method {#Sec7}

The sGRA8 protein was stored in our laboratory. Sera diluted at 1:10 were added to 96-well polystyrene microstate ELISA plates coated with 0.1 mL (170 ng) of the sGRA8 antigen and incubated for 2 h at 37 °C. The plates were then washed three times with 0.1 mL phosphate-buffer-saline-Tween (PBST) and diluted horseradish peroxidase (HRP)-conjugated goat anti-chicken IgG (Sigma) (1:6 000) was added. Peroxidase activity was revealed by adding 0.1 mL of tetramethylbenzidine (TMB) substrate buffer solution for 10 min at room temperature. The reaction was then stopped immediately and OD value was measured at 450 nm using microplate spectrophotometer (Bio-Rad Laboratories, Hercules, CA, USA).

### The cut-off between positive and negative serum {#Sec8}

Thirty negative sera were detected by the sGRA8-ELISA, and the cut-off between positive and negative serum was calculated from the average of the sGRA8-negative serum plus 3 standard deviations (SD) of the mean.The cut-off = the average of negative serum + 3SDNegative control: sample OD450 \< cut-off;Positive control: sample OD450 ≥ cut-off;

### Sensitivity and Specificity of the sGRA8-ELISA {#Sec9}

The standard sGRA8 positive serum was diluted from 1:10 to 1:5 242 880. The ELISA was conducted according to the above method.

According to the method above, the infected sera against 7 strains of *Eimeria* coccidian, NDV, IBDV and *Escherichia Coli* were detected by sGRA8-ELISA. Meanwhile the standard sGRA8 positive serum and negative serum were detected as controls respectively.

### Coincidence rate of sGRA8-ELISA method {#Sec10}

The chickens sera collected from artificial infection with *T. gondii* from day 7 to day 130 were detected by the method established above. The standard sGRA8 positive serum and negative serum were detected simultaneously.

Development of PCR method for soil detection {#Sec11}
--------------------------------------------

The PCR method based on *T. gondii*-conserved gene internal transcribed spacer 1 (ITS-1) as target gene for soil detection was conducted according to previously reported \[[@CR6]\]. To standardize the sensitivity, diluted *T. gondii* tachyzoites at the concentration of 1 × 10^5^, 1 × 10^4^, 1 × 10^3^, 5 × 10^2^, 1 × 10^2^, 5 × 10^1^, 1 × 10^1^, 1 × 10^0^ were mixed respectively with 0.5 g blank soils. The negative control with only blank soil was set. Then the total DNA of the mixture and negative control were extracted by the commercial E.Z.N.A TM Soil DNA Kit (OMEGA, USA) according to the manufacturer's instructions and was used as template for the PCR.

The PCR products were then loaded onto 1% agarose gels (Sigma--Aldrich, St. Louis, MO, USA). The resulting DNA fragments were visualized by the Gel Doc XR System and analyzed using Quantity One 4.6.3 software (Bio-Rad, Hercules, CA, USA). The size of the amplified PCR products was estimated by comparison with the DL2000 DNA Marker (TaKaRa, Dalian, China).

Collection of soil and chicken samples for detection {#Sec12}
----------------------------------------------------

### Soil samples {#Sec13}

From April 2013 to March 2014, 700 soil samples were collected from thirty farms, including 15 free range farms and 15 scale farms, in Nanjing, Jiangsu, China. In free range farms, the facilities were categorized into feeding zone and motion zone. Feeding zone is the rest area or the house for chickens. Motion zone is the distances around the feeding zone for 10 m. Five soil samples were taken from feeding zone and motion zone, respectively at each sampling time, and the total number of soil samples collected in free range farms were 350. In scale farms, no distinction was drawn between feeding zone and motion zone, and at each sampling time 10 soil samples were collected around the water place and coops, whereas 350 samples were collected from scale farms.

Besides that, the 700 soil samples were collected in different seasons. In spring, 160 samples were collected, and 180 samples were collected respectively in summer, autumn and winter. Finally, each of the seven hundred samples taken from the surface layer of the ground was about 10 g -- 15 g, and prepared for further examinations (Table [1](#Tab1){ref-type="table"}).Table 1Detection of *Toxoplasma gondii* in soil samplesThe time of collectedDistrictType of farmsNO. of farmsNO.of samplesPositive number2013.04LiuheFree range1100Scale1100JiangningFree range1100Scale1100PukouFree range1100Scale1100LishuiFree range1100Scale11002013.05LiuheFree range1100Scale1100JiangningFree range1100Scale11002013.06LiuheFree range1100Scale1100PukouFree range1100Scale11002013.07LiuheFree range1100Scale11002013.08LiuheFree range1100Scale1100JiangningFree range1100Scale1100PukouFree range1100Scale1100LishuiFree range1100Scale1100GaochunFree range1100Scale11002013.09LiuheFree range1100Scale1100GaochunFree range1100Scale1100GaochunFree range1100Scale11002013.10LiuheFree range1100Scale1100JiangningFree range1100Scale11002013.11LiuheFree range1102Scale1100PukouFree range1100Scale1100JiangningFree range1100Scale1100LishuiFree range1101Scale1100GaochunFree range1101Scale11002013.12LiuheFree range1101Scale1100PukouFree range1101Scale11002014.01LiuheFree range1100Scale1100PukouFree range1100Scale1100LishuiFree range1101Scale11002014.02LiuheFree range1100Scale1100PukouFree range1100Scale1100GaochunFree range1100Scale1100LishuiFree range1100Scale11002014.03LiuheFree range1100Scale1100PukouFree range1100Scale1100

### Serum samples of chicken detected {#Sec14}

The chicken from five free range farms with positive soil samples and 2 with negative soil samples were selected to collect serum samples. In each farm, 50 blood samples were collected randomly. Serum was separated from the collected blood by centrifugation at 5 000 × g for 5 min and stored at −20 °C until analysis.

Detection of samples {#Sec15}
--------------------

### Detection of *T. gondii* in soil samples by PCR method {#Sec16}

All the 700 soil samples were detected by the PCR method established above. Positive amplicons produced in the detection were purified and sequenced using the ABI 377 automated DNA sequencer (BigDye TerminatorChemistry) employing the same primers as used in the PCR assay to confirm the identity of the products by Shanghai Invitrogen Biotech (Shanghai, China).

### Detection of *T. gondii* in chickens by ELISA {#Sec17}

Serum samples were detected by sGRA8-ELISA developed above together with the standard sGRA8 positive serum and negative serum.

Results {#Sec18}
=======

The establishment of the methods {#Sec19}
--------------------------------

### The cut-off between positive and negative serum of IgG level of sGRA8-ELISA method {#Sec20}

The average OD450 of negative sera was 0.206 and the standard deviation (SD) was 0.028. So the cut-off was 0.290. If sample OD450 ≥ 0.290, it was determined as positive. If sample OD450 \< 0.290, it was determined as negative.

### The sensitivity and specificity of sGRA8-ELISA method {#Sec21}

In the ELISA sensitivity experiment, the standard sGRA8 positive serum diluted to 1:81920 was still detected as positive.

In the ELISA specificity experiment, only standard sGRA8 positive serum presented positive OD value. No positive OD value was observed in any control serum samples.

### The coincidence rate of sGRA8-ELISA method {#Sec22}

The result obtained from the detection showed that within 45 days after infection the coincidence rate of sGRA8-ELISA was 100%,and until to the 130th day the coincidence rate reduced to 80%. The detail results were indicated in Table [2](#Tab2){ref-type="table"}.Table 2Detection of chicken serum infected with *Toxoplasma gondii* by sGRA8-ELISANo.The time of blood collection7d14d21d28d45d60d75d90d130d10.5821.4321.2060.8060.5760.5770.7351.5830.18421.3030.9130.7061.2780.5460.4440.1890.8370.44730.3721.1250.4270.9530.7360.2301.1320.5740.19040.8820.5481.0990.7661.0210.3261.3401.0080.25650.3351.3000.6220.5661.0040.5041.3130.1220.34661.5340.4291.2931.3661.0150.3391.3670.3461.08270.7830.3541.5021.5880.7790.6821.5660.4060.17180.8760.8151.2061.6021.1080.5610.2540.2260.70691.1291.5341.1461.0430.9540.9310.7270.3440.329101.6031.0640.9050.8430.9281.3120.6990.3910.311110.8600.5541.0791.0080.3301.2020.8520.8160.307120.6691.1061.0990.8520.2200.3700.8100.8370.298130.5171.0691.1471.5610.8350.9960.8680.5190.372140.5361.1561.0821.0560.9020.5510.8311.2340.542151.0840.8791.3211.1400.7681.1230.7440.4150.602160.9000.8711.7430.4201.0580.5020.8010.6620.560171.3730.6190.7221.2660.8670.9001.5710.2850.85118.07871.2610.7281.0530.3760.7971.4831.1170.422190.5521.0091.6611.1830.1591.1671.2000.5190.266200.3941 .1611.4641.2770.7981.0940.8110.3850.790Positive percent100%100%100%100%100%95%90%85%80%Each value in the table was the average of two rapeatition

### The sensitivity of PCR method {#Sec23}

Positive products were found in all dilutions except 1 × 10^1^ and 1 × 10^0^ of *T. gondii* tachyzoites in 0.5 g soil (Fig. [1](#Fig1){ref-type="fig"}). The DNA sequence analysis indicated that the product was consistent with the ITS-1sequence of *T. gondii*.Fig. 1The sensitivity of PCR to detect the *Toxoplasma* tachyzoites DNA in 0.5 g soil. Lane M: molecular size marker; lane 1: positive control; lane 2: negative control; lanes 3--10: 1 × 10^5^, 1 × 10^4^, 1 × 10^3^, 5 × 10^2^, 1 × 10^2^, 5 × 10^1^, 1 × 10^1^, 1 × 10^0^ of *Toxoplasma* tachyzoites in 0.5 g soil, respectively

Detection of *T. gondii* in soil samples {#Sec24}
----------------------------------------

### The overall ratio of positive in soil samples {#Sec25}

As shown in Table [1](#Tab1){ref-type="table"}, 7 samples (1%) were detected positive for *T. gondii* by PCR. Sequence analysis showed that the amplicons shared 100 identities with the ITS-1 sequence of the *T. gondii* RH strain (GenBankTM accession number AY259044.1).

### Comparison of soil contamination for *T. gondii* between free range farms and scale farms {#Sec26}

Among 700 samples, 350 were collected from free range farms and scale farms, respectively. Seven (2.0%) samples were found positive of *T. gondii* DNA in free range farms, whereas no (0%) sample was positive in scale farms (Table [3](#Tab3){ref-type="table"}). The difference was highly significant (*P* \< 0.01).Table 3Contamination of *T. gondii* in the soil collected from different farmsType of farmsNo.of samples examinedPositive numberPCR positive(%)Free range farmsFeeding zone17574.00motion zone17500Scale farms35000Total70001.00

### Comparison of soil contamination of *T. gondii* between feeding zone and motion zone in free range farms {#Sec27}

In free range farms, 175 soil samples were collected respectively from feeding zone and motion zone (Table [3](#Tab3){ref-type="table"}). All of the positive samples (7/175) were from the feeding zone (*P* \< 0.01).

### Soil contamination status of *T. gondii* in different seasons {#Sec28}

From spring to summer, no positive sample was found by PCR for *T. gondii*. In autumn, *T. gondii* DNA was found in 6 (3.33%) of 180 samples. Out of the 180 samples collected in winter, 1 (0.56%) sample was detected as positive (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Detection of *T. gondii* in soil collected in autumn and in winter. **a** Lane M: molecular size marker; lane 1: negative control; lane 2: positive control; lanes 3--15: soil samples. **b** Lane M: molecular size marker; lane 1: positive control; lane 2: negative control; lanes 3--12: soil samples

Detection of *T. gondii* in chickens {#Sec29}
------------------------------------

In the 350 chickens detected, total 235 (67.14%) were seropositive for *T. gondii.* In the 250 chickens from 5 farms with *T. gondii* positive in soil, 77.60% (194/250) were seropositive. In the 100 chickens from 2 farms with *T. gondii* negative in soil, 41.00% (41/100) were seropositive. On the farm level, all farms had seropositive chickens.

Discussion {#Sec30}
==========

*T. gondii* oocysts in environment samples, especially in soils are getting more and more attention. Studies reported that approximately 1% of cats shed oocysts of *T. gondii* at any given time \[[@CR1], [@CR23]\] and they excreted oocysts for a median of 8 days with a total of up to 55 million oocysts per day \[[@CR1], [@CR23]\]. The total number of oocysts shed by a single cat varies widely from 3 to 810 million \[[@CR23]\]. So it's necessary to establish a sensitive method to detect the soil contamination status of *T. gondii*. The results from previous studies indicated that PCR methods were expected to be highly specific and to be more efficient to detect low oocyst concentrations \[[@CR24]\]. Therefore, in this study PCR assay based on the ITS-1 gene was used to detect *T. gondii* oocysts in soil samples for its high specificity and sensitivity \[[@CR6]\]. The results of the current research showed that the detection limit of the method was 50 tachyzoites (equal to 6.25 oocysts) \[[@CR25]\] of *T. gondii* in 0.5 g soil. A method previously reported could detect 100--1 000 oocysts in 1 g soil \[[@CR26]\]. Compared to this, the PCR method based on the ITS-1 gene established in this study was more sensitive and could be used to detect the *T. gondii* in soil.

Recently, many recombinant surface or secreted antigens have been used successfully either alone or in combination for the detection of specific antibodies due to *T. gondii* infections in humans and animals. A study reported that rGRA7 ELISA showed a high sensitivity and specificity, and rGRA7 can be used as a potential immunogenic antigen for developing immunodiagnostic tools for immunodiagnosis of toxoplasmosis in patients including patients with cancer \[[@CR27]\]. GRA8 is a conserved gene of *T. gondii.* Previous studies introduced GRA8 as a marker of acute infection and showed that IgG and IgM ELISA with recombinant GRA8 as antigen was able to differentiate acute from chronic infection \[[@CR28], [@CR29]\] and GRA8 ELISA could be used to detect almost all the common strains of *T. gondii* \[[@CR30], [@CR31]\]*.* In this study, the truncated GRA8 ELISA method showed that the sGRA8 ELISA could detect specific antibody in all of 20 chickens infected with *T. gondii* 45 DPI, and 95% 60 DPI. The positive rate was still 80% 130 DPI. The serum against common infectious diseases of chicken did not present any cross reactions with this antigen. In the sensitivity experiment, the standard sGRA8 positive serum was diluted to 1: 81 920. These results showed that sGRA8 was validated as a useful antigen and promised a highly sensitive and specific ELISA.

In the past, few studies have been investigated soil contamination with *T. gondii* in scale farms and most studies were focused on free range chicken farms, specifically about the prevalence of *T. gondii* infection in chickens \[[@CR32]--[@CR34]\]. Until now, data on the soil contamination of *T. gondii* in chicken farms from China were missing. So in our study, we collected samples from both free range farms as well as scale farms, and compared the relationship between the status of soil contamination and the infection of *T. gondii* in chickens. The results showed that only free range farms had soil contamination with *T. gondii* and there was no *T. gondii* detected among the samples collected from scale farms. It indicated that the soil contamination in free range farms was higher than that in scale farms. Our results were consistent with that obtained by Jacobs \[[@CR35]\] in US. Moreover, we firstly divided the free range farm into feeding zone and motion zone. It was demonstrated that all positive samples were found in feeding zones. It indicated that the feeding zones were the main contamination regions in the farms.

In our study, the seasonal changes of soil contamination were observed. Our results suggested that the *T. gondii* in soil was different from spring to winter. In the four seasons, *T. gondii* was only found in autumn and winter. It was in accord with Dubey' study \[[@CR36]\], that low temperature contributed to the survival of *T.gondii.* This indicated that seasons might have important impacts on the presence of *T. gondii* in soil.

In the serum detection, the average serum positive ratio was 67.14% which was higher than the previously study in our lab (35.15%) \[[@CR13]\]. Furthermore, the seropositive rate for *T. gondii* in farms with *T. gondii* positive in soils was significantly higher than the farms without *T. gondii* in soils. It could be concluded that the infections of *T. gondii* in chickens might be affected by the soil contamination. Thus, the soil contamination of *T. gondii* might be an effective indicator of *T. gondii* infection in chickens.

Conclusion {#Sec31}
==========

In conclusion, the results of the present investigation indicated that high seroprevalence of *T. gondii* in chickens was found in the chicken farms with soil contamination by *T. gondii*. The soil contamination in chicken farms all concentrated in the feeding zone of the free range farms, and was influenced by different seasons. Therefore, monitoring of *T. gondii* in soil, combined with good sanitary practices, should be adopted to prevent *T. gondii* infection in chickens for future.
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